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ABSTRACT 


The recently discovered fungus Cyathus helenae 


has been shown to produce a number of interesting metabo- 


PicocminCiMicdineg seven arternenoids and a phenol, -2,4,5- 


trihydroxybenzaldehyde’?>. We herein report the charact- 


SrizgatlonoL aeprevicuscly as0lated compound, cyathin B” (5) 
(C,H, 02), and a new compound, which occurs with and cry- 


Stallizes wuthscygtnain ae named cyathin co (6) (C,H, .02)- 
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The structures of both cyathin Pe and cyathin Ge were con- 


firmed through chemical transformations to the known com- 


pounds, cyathin ae methyl ‘ketal (Oo) erandealiiocyat hin 8B 
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The absolute configuration of cyathin ise 


(Il) has been deter- 
mined previously by x-ray crystallography’ 

Acetylation of the cyathin Re-ce mixture gave a 
mixture of acetates (13) and (i) yeand the unexpected de- 


hydration products CLG and CLS). 


A 
> ie Gy eae © 
a “/ 


CHO 
16 18 HO 


Ine «,f-unsaturated aldehyde grouping of cyathin 


B°-c° 


Was OUnCmCO,DeyVeTyereactive toward nucleophilic 
Micheal-type reactions. Thus a methanol adduct (20) of 
cyathin B° WaSepmepanedsand Characterized. Selective hydro- 
Belo eroneon tne 2 -sand 12,13- double bonds in cyathin ve. 
Peto mceeies@-!2es-epimer sor 21) which isomerized toa 
mixture of C-12 epimers of dihydrocyathin Bee on silica gel 
wLaAtes. 
Also isolated and characterized in this work was 

avcompound identical with the”fatty acid, palmitic. acid 
rage aye ale 

A new compound, cyathin iN (C,H 3997) > was also 
Psulateasand has been partially characterized. its dehydro 


: : 2 
analogue, tentatively named cyathin B (C, ofl 28 0) also ap- 


pears to be produced by the fungus. 
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I. INTRODUCTION 


In 1965, a new species of fungus, growing in 

the Canadian Rockies, was discovered by H. J. Brodie? 

He classified this new bird's nest fungus as belonging 

to the class Basidiomycetes, subclass Homobasidiomycetes, 
order Gasteromycetes, family Nidulariaceae, genus Cyathus, 
and named it Cyathus helenae. This fungus was given the 
number 1500 and only cultures of this strain were used in 
the work presented in this thesis. 

Early work showed that this fungus could be 
grown on liquid culture and that it showed anti-bacterial 
antagonism to contaminates¢. At this time the name 
"cyathin" was given to the substance(s) responsible for 
tnemantibaccerszal activity, 

Johri> found that an ethyl acetate extract of 
the fungal broth (grown on liquid Media lmerevadneumthe 
aera cte ma leaCtivity.. thisemethodsot extraction has 
been used in all of the work conducted on this organism. 

Previous work on the chemistry of the crude 
Cyatnin has been carried out in this department, and had 
led to the characterization of six diterpenoid components, 
along with the phenol 2,4,5-trihydroxybenzaldehyde (also 
called chromocyathin)*. Among the diterpenoid constitu- 
ents isolated were cyathin Fa and cyathin its The cyathins 
are named by a simple method. The number of hydrogens in 
the molecular formula gives the letter designation: 30 
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denoted by the superscript. Isomers of previously iso- 


lated compounds are placed in the allo series, for ex- 


ample: cyathin B? is CoH 90. and allocyathin B? rs#al1so 


CoH g93- 


Later work by Hubert Taube of this depart- 


ment led to the crystallization and structure elucidation 


of cyathin Re (1) and a new member, allocyathin Bo apse, 
ote 
ou HOH 
1 2 


The stereochemistry depicted, including the enshints con- 
figuration has been confirmed by x-ray diffraction methods’ 
It was anticipated that the remaining diterpenoid con- 
stituents would have the same carbon skeleton as in 1 and 
2. 

When the work presented in this thesis was 
initiated, the objective was to determine and prove the 
structures of cyathin B° and other metabolites appearing 
in the same region on thin-layer chromatograms (see the 
General Experimental for thin-layer methods). 

The fungal metabolites used in this work were 


prepared by the author. A stock culture of the fungus 
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was kept on agar petri plates and agar slant tubes. The 
agar medium (Brodie medium) contained the following: 
dextrose siz n0og;emaltose;,e5:0 giuyeastxéextract; 200ug; 
asparagine, Ondo hepeptoneseQr2egnghycerol s0620nml1; 

Opel hoon Mase 


KHjPO,, 0.5 g; Ca(NOz),-4H 0.24 g; 


2 4? 
Fe, (S0,)2, Eyace: «29455420 «9 nedistibledewatengnl cl: 

After a good growth had appeared (2 - 3 weeks), 
the agar plates were used to innoculate a number of 2 1 
Fernbach flasks containing 500 ml of sterile defined med- 
ium. This medium contained the following reagents per 
Inter of distilled water: dextrose, 30 g; asparagine, 
oe ; RHAPO Ue oat NO 0.24 


HO se OounO aMignoU) 


Zee Ae 3)2 2 4? 
es 2nSO,-7H,0, 364 wg; thiamine-HCl, 150 wg. Innoculation 
was accomplished by the addition of 4 - 8 discs taken 
Prometiceacar plates. 

LietneeLabrerepalnteot sunlsmWwOlk,.°an annoculum 
flask (500 ml), containing a 3 - 4 week growth of fungus 
on defined medium was used to innoculate the Fernbach 
flasks. This was accomplished by the use of a sterile 
WatingeoLenuer to, break up the mycelium small® enough so 
that a sterile pipet could be used for the transfer. 

By using either innoculation method, the fungus 
MWaceallowea) to grow £Or 25 — S50 days, at which time it was 
harvested by either straining the mycelium from the broth 
with the aid of cheesecloth, or by simply pouring off the 


broth and leaving the mycelium behind. This latter har- 


vesting method allowed regeneration of growth by simply 
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adding fresh, sterile medium to the flasks. 

The fungal broth was then extracted with an 
equal volume of ethyl acetate (twice, with half volumes 
each time). Drying and evaporation of the solvent under 
reduced pressure gave a yellow-brown foam, called crude 
cyathin. Chromatographic separations were then carried out 


Onetcnisematerial jas sexplained ini the next chapter. 


If > RESULTSPANDSDISCUSSTION 


Isolation and Structure of Cyathin Be and Cyathin Ge 
ieee Cyathin’ 5 ac? Mixture 

Ponevavenmschromarogranhy (tlc) ones: 11 casved 
has proven very effective in identifying the cyathin 
constituents. During previous work in these laborator- 
ies a compound of Re (A) 0.60 was characterized by high 
resolution mass spectrometry as having the molecular 
formula Co gH> 202 and was given the name cyathin Be oe 
(See the General Experimental, p78 for the method of re- 
porting Re values and solvent systems.) When a small 
amount of electronic phosphor is used with the adsorbant 
and the developed and air dried plate is viewed under uv 
light (254 nm), the spot corresponding to cyathin B> 
shows as a dark area on a green background. This method 
is useful when the compound to be detected has a chromo- 
phore absorbing around 250 nm (ref 8, p 20), and also 
has the advantage of being non-destructive. The spot 
corresponding to cyathin B> Mayealsor be cetecteds by aspray - 
ing the plate lightly with 30% H,SO, and subsequently 
heating to 100°. This latter method produces a dark 
purple spot after a few minutes of heating, which gradu- 
ally turns black. 

Since preparative thin-layer chromatography 
(ptlc) proved very laborious and expensive for large 


scale preparations, column chromatography was used to 


separate the cyathin compounds. Silicic acid (Mallinkrodt, 
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100 mesh) was found to be the best adsorbant; alumina 
gave very poor results as previously reported. An ad- 


sorbant to substrate ratio of 40 : 1 had previously been 
4,5 


employed to separate the crude cyathin When this 
was doubled to 80 : 1, better resolution of the band 
corresponding to cyathin Bae was observed. Using a quartz 
column and with 1% electronic phosphor in the adsorbant, 
the cyathin B> band could be detected and collected when 
eluted! froneitheico lumen inetact .usings chlorotorm esd 5% 
ethanol stabilizer) cyathin Bip was the only major component 
eluted from the column. The other cyathin compounds (ae. 
Ave chromocyathin, etc.) could be eluted from the column 
by grading up to 5% methanol in the chloroform solvent. 

On one occasion in the early part of this work 
column chromatography of a cyathin Be rich metabolite mix- 
tur et eave much*-to-our delight, crystalline materials after 
removal of the solvent. Recrystallization was accomplish- 
ed with ether-pentane (soluble ether, insoluble pentane). 
A second recrystallization produced colorless needles, 
mipehdsds - 155s. 

High resolution mass spectrometry indicated the 
molecular formula C> oH. 20; for the apparent parent peak 
at m/e 316, thus identifying this crystalline material as 
cyathin Ae. The mass spectrum (figure 1) also shows a peak 
atem/ersi4deoffdlziintensitysd Ate thisspoint an analogy was 
drawn with the case of cyathin He - allocyathin B> pre- 


viously studied in these laboratories, in which both com- 
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pounds occurred together on both column and thin-layer 
chromatography. It was therefore tentatively assumed 
that the peak at m/e 314 in the mass spectrum of cyathin 
Be was due to another compound, a dehydro analogue of 
cyathin Bae This crystalline material will be referred 
to as cyathin Pee Maxture. lhe toldowing spectral data 
will confirm this assumption and suggest structures for 
both cyathin B> and cyathin e, 

Further comparison of the cyathin BeeGe mass 
spectrum with those of cyathin iN and allocyathin Be 
revealed a similarity in the presence of common peaks at 
Wee Oar Se 20 el Soe G7, 175 01735,0and, 119; it was 


therefore thought possible that cyathin Bo and cyathin ee 


could have the same carbon skeleton as in cyathin hee 
TheminGranecusespectrum of cyathin BaeGe pun eewen 

bon tetrachloride solution (figure 2) shows both free and 

intermolecular hydrogen-bonded hydroxyl absorption at 

1 


3590 and 3360 cm Thesbands sat 2810 and 2710 an! are 


Venyecharacteristic- of the) C-H stretching vibration in 


1 would 


aldehydes. Also the carbonyl band at 1693 cm_ 
Suggest this aldehyde to be x,f-unsaturated. When the in- 
frared spectrum of the material was determined in nujol 
Wiisiniecunoes Mad ndrasvicmaittenrence in the: carbonyl 
Bue di Ol cmODStlLVCd sme nemtrequencysOt absorption has 


and the intensity is only about 


been lowered to 1657 cm 
one-half of what it was in carbon tetrachloride solution. 


This can be rationalized by assuming there are two car- 
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TOP: FIGURE 1 


Mass spectrum of cyathin Bo 2C> 


BOTTOM: FIGURE 2 


Infrared spectrum (CC1,) oOfvcyathan nee" 
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FIGURE 5: _ infrared spectrum (nujol emul wor 
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iz. 
bonyl oxygens absorbing in the solution spectrum, but 


that in the crystalline state one is "masked", possibly 
by hemiketal formation as in the case of cyathin on 
Scstuatathere ils only one carbonyl absorption. Also 
noteworthy are the bands at 3070 and 1610 cmt, indicat- 
ing carbon-carbon double bond absorption. 

The nuclear magnetic resonance (nmr) spectrum 
(fipure 4), Of thevcrystalline cyathin B°-C> mixture 
determined in carbon tetrachloride solution proved to 
be quite complex, Especially confusing were the aldehydic 
pea ced tayo 0. 50s and) 9-42 21 E two compounds are 
Dresent as indicated by mass spectrometry, then only two 
aldehyde peaks should be present in the nmr, unless each 
compound has two aldehydes and the four overlap in such 
Mave vedcmrOeCiVe wiseutoO three sa onadse, sa hius dat tersinter- 
pretation was ruled out when the spectrum was re-run in 
Ehemoresecnce ot asdrop of trifluoroacetic acid (figure 3)- 
The aldehyde signals are now seen to converge to only one 
ALES O15: 

This phenomena, along with the ir spectra, may 
be explained in terms of an equilibrium between hemiketa}_ 


(3) and hydroxyketone (4) forms as depicted in Scheme 1. 
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Nuclear magnetic resonance spectrum (CC1,) 


Ofecyathin Bae 


BOTTOM?) EITGURE <5 


Nuclear magnetic resonance spectrum 


(CCl, + trace CF COOH) Of cyathin BEC? 
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1952, 
In the crystalline state, the two compounds in cyathin 
B’ =C2 exist predominantly in the closed hemiketal form. 
In solution the two forms are present in more equal 
amounts. By the addition of acid, the equilibrium is 
shifted to the hemiketal form. Thus the nmr spectrum in 
carbon tetrachloride solution is actually the spectrum 
Ofdfoury compounds:! eicyathin Bee cyathin Cas cyathin BE 
hemiketal, and cyathin eS hemiketal. 

Also noteworthy in the nmr spectra is the 
eight-line signal at §6.14 (without added acid), and the 
guasteteisagnaliat $6.16) (with added acid). These» are 
attributed to an isolated AB system in the dehydro com- 
pound, cyathin ca The} eight-line signal is attributed 
to two overlapping AB quartets from cyathin Ge and cyathin 
ge hemiketal. The addition of acid causes the hemiketal 
form to predominate, leading to only one AB quartet. The 
cCouplangsconstant) observed (5.5 Hz) suggests the double 
bond is in a five-membered ring’. A SORmuhes chenea | 
shifts of the»two protons suggest a double bond in a cyclo- 
pentadiene system rather than in a cyclopentene system 
hveSei0pmp iss :75S 5.60): 

The signal at 86.89 (with added acid) corres- 
ponds to the g proton ofeanse,f-unSaturated aldehyde, (ref 
bOeep £5956 tS6290)4e Thistsignaleis seen as slightly 
broadened, possibly by a small coupling with the aldehyde 


proton or another proton. 


The signal at 84.90 (with added acid) is a 
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multiplet which corresponds to the C-11 proton in ee 
rs (mwef5S, p 52:.84.3). The difference of 0.6 ppm is 
attributed to "extra" unsaturation from the aldehyde car- 
bonyl. 

Absorption at $2.80 (either spectra) gives rise 
Popceeseptcia(J°=9/ Hz) Meharacteristic ofan isopropyl 
hydrogen. The region §2.6 - 1.1 is very complex and not 
readily analyzable. 

The methyl region in the spectrum determined 
without added acid is also very complex. When acid is 
added, the methyl region becomes somewhat better resolved, 
even though cyathin ce tsrisit pikepresent. eyGentered at gs0 494 
and 0.86 are two doublets coupled with the isopropyl hydro- 
gen by 7 Hz. Two singlets at 80.98 and 0.88 are also evi- 
dent. 

The nmr spectra also allows the estimation of 
the ratio of cyathin ne to cyathin ce inthe terystaliine 
mauerial.@slhius natvio tis eapproximately e562 Ll. 

The uv spectrum (dioxane) of cyathin pee. mix- 
ture showed a maxima at 233 nm (€ = 6800) and a shoulder 
apess0anm (Cwoe/5) thulhisialso suggestsithe presenceyof 
an «,p-unsaturated ketone or aldehyde. 

The evidence presented thus far suggests a 


close structural similarity between cyathin BeAGe 


3 


and 


cyathin Nie Since cyathin eee contains an aldehyde 


function and cyathin A> contains a primary alcohol group 


not present in cyathin pete it seemed very possible that 
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and 6 for cyathin ae. 


5 follows for cyathin B 


Argentated silica gel thin-layer chromatography 
has been found useful in separating compounds differing only 
by the position of a double bond??, In cyathin Ao alo 
cyathin Ee Slewisti swell omWwas sthemme UnOdsIIsed) £01. their 
separation. Tiemc i vct mi OlcmoQnplcxm@ | Cimc ies OC LeGiLrOnls 
Ofecouble bonds, and depending upon the number of double 
bonds and their freedom from steric hindrance, the compounds 
MiseDewaUsSOrDeu. tomVvaringn decrees = lt was theretore jioped 
Piametie sisSceOtmargventatea tlc wouldwgreatly aidein the sep- 
aration of cyathin B> from cyathin Car 

When analytical’ tlc was carried out, indeed two 
spots did appear, thus helping to establish that actually 
two compounds were present in the crystalline material. 

When this type of chromatography was used on a preparative 
scale, two ill-defined bands were removed in three fractions 
HomeKaincd sifiethe experimental Section. Ordinary tle of 
these fractions showed other spots and streaks present at 


both higher and lower Re. AP preparativespuriiacation. o1 the 
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two cyathin B> BichyGracti onsfonyandinany plates gave jery- 


Stalline materialécornesponding ato pantrally purified«cyathin 
Big buthst rib contaminated aby icyathin Cah The loss o&enater- 
ial during this process was extensive. 


Since cyathin oe 


contains an aldehyde function, 
ites econceivablesthat athe asilverwions icould haveyoxidized 
par @eot athéematentalidurine tthe spotting sot htherplates sy devel- 
opement, drying, scraping off of the fractions, and elution 
of the material from the adsorbant -- all of which requires 
aboutsrour heurstisthus argentateddtilc ontthe parenthcyathin 
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B ee mixture was abandoned and another approach was sought 


to separate the two compounds. 
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19. 
2) Separation*or :Cyathin pate? via their*Methyl Ketals 


At this point it became desirable to chemically 
prove the structures of cyathin B° and cyathin qa From 
previous work in the cyathin A? series, it was known that 
the hydroxyketone would form an internal methyl ketal when 
treated with methanol and anhydrous hydrogen chloride’. 

It was anticipated that cyathin pe and cyathin e would 
behave similarly and CHa eenerh ays the two methyl ketals 
could be separated effectively without extensive loss of 
Material. Reduction of the aldehyde function in each of 
these should then lead to the known cyathin Ae and allo- 
cyathin B> methyieeketals, ac9) sande (10)"% Scheme ™2™Shows 


this “sequence. 


SCHEME 2 


> 1) HCI/MeOH 
6 2) Chromat. 
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208 

Indeed, when a sample of cyathin BEeCk was treated 
with a saturated solution of anhydrous hydrogen chloride in 
methanol, analytical tlc showed only one spot at a higher Re 
Phaneeneestartingematerial.. This material could not. be in- 
guced to crystallize, but was chromatographically pure of 
contaminates and therefore used for spectral measurements as 
it was. All the spectral data (mass, ir, nmr, uv) agree 
with the methyl ketal structures for the mixture of cyathin 
Bo and cyathin Gen Go)mande (8) 

High resolution mass spectrometry gave C54H3992 


for the apparent parent peak at m/e 330, which corresponds 


mOmtiecsaddi tion of the required unit) CH> to cyathin Bae 


2 
The starting material used for this experiment was richer 
in cyathin Ge than cyathin Boe therefore the m/e 328 peak 
(C,H, 902) has a greater intensity than the m/e 330 peak 
(see Experimental). A further discussion of the mass spectra 
of the separated cyathin Be and cyathin ee methyl ketals is 
presented in a later section. 

The intrared spectrum inicarbon tetrachloride 
solution shows no hydroxyl absorption, one carbonyl band at 
1695 cm! of normal intensity, and bands at 2820 and 2720 


cmt Siaracte!1Sticwormcnesaldenyde moiety. SAlso, there 


are weak bands at 1625, 3060, and 3100 cmt, indicating 
doubler pond unsaturation, especially characteristic are the 
3060 and 3100 cm bands which are indicative of the cyclo- 


pentadiene moiety as in allocyathin i chemistry. 


The nuclear magnetic resonance spectrum of this 
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Ze 
mixture of methyl ketals shows singlets at §9.91 and 9.88, 


and also two methoxyl singlets at $3.27 and 3.25 (ref 10, 
p £57: 43.20 for methoxyl protons). The remaining data for 
the nmr spectrum is given in the Experimental. 

At this point it was hoped that the two methyl 
ketals could be separated by chromatography. Ordinary tlc 
showed only one spot on silica gel (solvent system G). 

When an analytical plate coated with 10% silver nitrate on 
Silica gel was developed, two spots were detected by view- 
ing under uv light. The difference in Re values of the two 
spots (Rp (Agno., G)"0-602> and) 0.55) lead to the anticipation 
that a preparative separation could be achieved, as long as 
decomposition did not occur as had happened with the parent 


5 material. 


cyathin B°-C 

When the preparative work was carried out, the 
CoueacrmtainesOtmthe materialeon the platesewas kept, toa min- 
ie tabpout L.o hr). After development, two nicely separ- 
ated bands were removed and immediately eluted from the ad- 
sorbant with ether. Analytical argentated tlc subsequently 
run on the two fractions indicated good separation and the 
absence of impurities. Numerous attempts were made to cry- 
stallize the two methyl ketals, but none were successful. 

The mass spectrum of cyathin Pa methy Ieketads (7), 
R,(AgNo., Gleu2Oe,)1S shown ineticpure 6.) High resolution 
measurements on the parent peak (m/e 330) gave C513 902 as 
the molecular formula. The base peak at m/e 189 has the 


composition Cigtoy analogous to cyathin ie mass spectra 
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The mass spectrum of cyathin A methyl ketal is dominated 
by a peak at m/e 141, which has previously been assigned 


structure eee 


CH,0H 
12 


In cyathin we meciya ketal), the electron withdrawing formyl 
SLoUomnuctmarasticalhyadestabl lize an von of the type 
ome uccethcapcak at m/e 159 an thepmass spectrum of cya- 
thin BP methyl ketal has only an intensity of 6%. Instead, 
the charge remains with the hydrocarbon portion and gives 
Tasee toy l). 

The infrared spectrum of cyathin B° methyl ketal 
(figures) shows absorption expected for the proposed struc- 
CULoomeitomiyaroxy! absorption, aldehyde C-H stretch at 2810 
and 2720 Erie carbonyl absorption at 1693 cmt, aie 
Sliietpeniingerprint region. 


The nuclear magnetic resonance spectrum of this 
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Mass spectrum of cyathin Bo methyl ketal 
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Inet disc mes De cc RU) (CC1,) of cyathin B> 


methyl ketal 
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2 
material determined in carbon tetrachloride solution (table 


I) also shows absorption consistent with the proposed struc- 
Euters Especiyally characteristic is the singlet at $3.27, 
representing the methoxyl absorption. Also the methyl re- 
gion is more distinct than in previous nmr spectra, and four 
methyl groups can be analyzed. At 80.90 and 0.94 are two 
Singlets and at 0.88 and 0.99 are a pair of doublets with 

a coupling constant of 7 Hz each (coupled to the septet sig- 
nal at §2.90, isopropyl hydrogen). 

The uv spectrum of cyathin 3° methyl ketal shows 
the expected &«,@-unsaturated carbonyl absorption at 233 nm 
(€ = 5300). The chromophore of the unsaturated system is 
qasopevident in the circular dichroism spectrum, which shows 
negative absorption peaks at 346 nm (@eé = -0.97, no tran 
sation), and 235 nm (sé = -2,78, roe Transit tron je 

The second component separated by ptic, R,(Agno,, 
G) 0.55, was cyathin Cz Methy Peke tage 0 meni oleenesalucion 
mass spectrometry gave the molecular formula C5,H> 0, Od 
tieswranent peak at m/e 328. The mass spectrum (figure 8) 
Snows -capase peak atymn/e, 187. cerresponding to the 1,2- 
dehydro analogue of 11. 

The remaining spectra of cyathin e methyl ketal 
are avyenLy similar to those of cyathin B> methyl ketal, ex- 
cept for those features due to the cyclopentadiene moiety 
present in cyathin ee methyl ketal. 

The infrared spectrum (figure 9) shows weak bands 


at 3100 and 3050 cin along with an intense band at 700 cme 
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Mass spectrum of cyathin Ee methyl ketal 


BOTTOM EIGURERS 
Infrared spectrum (CC1,) of cyathin ce 
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As mentioned before; these bands are regarded as character- 


istic of the cyclopentadiene moiety. 

The nuclear magnetic resonance spectrum (table 
I) was analyzed in detail on one occasion since the spec- 
trum showed sharp absorption lines and was devoid of impur- 
ities. Double resonance (decoupling) experiments were used 
to verify the coupling patterns. 

Irradiation of the signal in the §6.15 region 
left the remainder of the spectrum unchanged, thus verify- 
tigethe Svsolated“AB.quartet Nature “of *the*y,z ‘protons (see 
fireure  -L0' for “proton designations)’: 

Irradiation of the narrow multiplet at §5.04 
(proton *b) ctransformed tthe signal atts2719 t(proton %j)) “toa 
doublet ofidoublets"(J ="22)y13*Hz),; thus *showing -proton*®b 
geaeproeoirrs); tO sbe coupled@by, 3f5 Hz.2 Also, the multiplet 
between §1.2 - 1.6 was sharpened up, showing the presence 
Gmproton eg by revealing 1ts smallecoupling with proton b. 
Miemconplcxity «OL the gl.25—el,0 repion made, further anal- 
Versevery difficult ain) this region. 

Irradiation of the signal due me Omt NCepEO.Loncen 
and j (62.31) caused a drastic change in the pattern of the 
multiplet between 61.2 - 1.6, but again the complexity did 
Motwallow these to be analyzed. © On the other hand, when 
this region (61.55) was irradiated, the pattern for proton 
fmMeseGeducea toa doublet of (doublets (J -- 12, 93.5 Hz) 
showing the coupling of 13 Hz between the two geminal pro- 


tons, g and j. Also, the signal for proton f was reduced to 
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tween protons*#. and? ¢. 

When the septet at 32.95 (proton e) was irrad- 
pateaatneatwoecoup lets ateol.097and 1.05 Cly= 7 Hz) col- 
fepseu, to two singlets, =tnus veritying the presence of ‘the 
Pscprepyile group. 

THES UVeSDeecCLUuMNeOt cvatiin co Metnivieexetaladeter— 
mined in iso-octane solution showed an absorption maxima at 
voCenmne (== 7400), eanalogous to that of cyathin Bo Metinyen 
Ketc edue: (Othe a f-unsdturavced aldehyde. ihe only ditfer- 
elecemoCtWean tie two spectiras1s the presence Of a shoulder 
at 257 nm (€ = 4300) in the spectrum of cyathin C” methyl 
Reriiemewitchmi seateriburedm co the scycropentadiene chromo- 
phore. (Allocyathin Bo methyl ketal shows Ane 256 nm (€ = 
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a) ecOlreiarion ef Cyatnin Bo Methyl “Ketal-and Cyathin Cc 


Methyi Ketal with Cyathin ue Methyl Ketal and Allocya- 
thin B~ Methyl Ketal 


Reduction of &,g-unsaturated aldehydes with sodium 
borohydride is known to lead in most cases to the corres- 
ponding allylic alcohol (cinnamaldehyde — cinnamyl alcohol, 
Fete icé, Decl) aWitheamore active: reducing agent such as 
lithium aluminum hydride, 1,4-addition often predominates to 
give the dihydro alcohol. Sodium borohydride seemed to be 
the first reagent of choice, although other complications 
could arise. Since the cyathin compounds including cyathin 
Roce are known to be sensitive to basic conditions!®, the 
Slightly alkaline sodium borohydride solution was considered 
With caution. It was anticipated however that reduction 
would be much faster than other nucleophilic reactions which 
are promoted by basic conditions. 

When cyathin Be methyl ketal was treated with a 
SOfutd One OtresOalum bOLONVvYUrldemineoceethandl.» complete sre- 
duction was evident (tlc) after fifteen minutes. A spot at 
lower Ry was visualized by the H,SO, charring method, but 
could not be detected by the uv method (in agreement with 
the loss of the.chromophore). Also, the Re value of this 
spot R_- (G) 0.31 is in good agreement with that reported for 
cyathin Nee methyl ketal, R- (G) Ope ome Ne acanpleswass puriit1ed 
by preparative tlc. The following spectral data confirm 
tigtethe product is cyathin Ne We Ciiyieeke Cadre 

High resolution mass spectrometry gave the molecu- 


lar formula C5413 93 for the apparent parent peak at m/e 
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332. The mass spectrum (figure 11) of this material is dom- 


inated by the peak at m/e 141, which has been previously 
mentioned and assigned to the ion 12 in the cyathin A> methyl 
ketal mass spectrum. The mass spectrum of this material on 
the whole corresponds very well with the published spectrum 
of cyathin a methyl ketal>. 

The infrared spectra of both the reduced material 
and authentic cyathin A° methyl ketal are given in figure 12. 
As anticipated, there has been loss of the carbonyl absorp- 
tion and a gain of hydroxyl absorption at 3600 and 3490 cmt 
Gack). The fingerprint regions of the two compounds are in 
excellent correspondance with each other. 

The nuclear magnetic resonance spectrum of the 
reduced material is also in very good agreement with that 
of the published spectrum of cyathin A> methyl ketal (see 
table II for the comparison). The two methylene protons of 
the primary hydroxyl are designated as protons c and d. 

As expected, the uv spectrum of the reduced mater- 
ial shows only end absorption, since the reduction has re- 
moved the &,g-unsaturated aldehyde chromophore. 

The absolute configuration of cyathin re methyl 


Suk The 


ketal is known from X-ray diffraction studies 
specific rotation of the reduced material is in excellent 
agreement with that for cyathin ie methyl ketal (-158° vs 
-154°), which confirms that they have the same absolute 


configuration. 


When cyathin c* methyl ketal was reduced with 
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Mass spectrum of reduced cyathin Be methyl 


ketal 


BOTTOM: 


BIGUR Eee 

Infrared spectrum (CC1,) of reduced 
cyathin Be methyl ketal (upper) and 
compared to published cyathin ae methyl 


ketal infrared spectrum (lower) 
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sodium borohydride, a spot at lower Re than starting mater- 
ial was noted within fifteen minutes. This material could 

be visualized both by the H,SO, charring and uv methods, and 
appeared as one spot on tic, R,_ (G) WN Ss) (R_(G) 0229 reported 
for allocyathin B° methyl ketal). The following spectral 
data confirm that this material is identical with allocyathin 
B> methyl ketal (10). 

High resolution mass spectrometry indicated the 
molecular formula C51H3993 for the parent peak at m/e. 330. 
The mass spectrum of this material is shown in figure 13. 
Pie thesmajor peaksSeare in good agreement with) those in 
the mass spectrum of allocyathin 3° Wet dee kecdlen( Pete beep 
84). Here again the peak at m/e 141 dominates the spectra. 

Thevingerared=spectra of both authentic allo- 
cyathin B° methyl ketal and the material obtained by reduc- 
bacneot cyathin c° methyilmketalearesciven in r1gure 14) The 
Spectra are very Similar to that’ of cyathin AS methyl ketal, 
except for the bands at 3100,° 3050, and 700 cm}, attrib- 
utable to the cyclopentadiene moiety. 

The nuclear magnetic resonance spectra of known 
allocyathin Be methyl ketal and the material obtained by 
PecuGtsoOneare comparcd aie table Pll; and are in s00d agree- 
ment with each other. 

The uv spectrum of the reduced material in iso- 
Octane solution shows a maxima at 255 nm (€ = 3500) due to 


the cyclopentadiene chromophore (reported spectrum of allo- 


cyathin Bo metnhy beketal.) e250 nm (6 = 4200)). “Also the’ cir- 
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Mass spectrum of reduced cyathin eg methyl 


ketal 
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Infrared spectrum (CC1,) of neduced 
cyathin ce methyl) ketal (uppex mand 
compared to published allocyathin Be 


methyl ketal infrared spectrum (lower) 
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cular dichroism spectra are in good agreement: reduced 
material vs known, 4€553 -3.46 vs PE50 soo respectively. 

Thessnecimrce Lotation Valies at, 589 nn are in 
only fair agreement (reduced material vs known, ah See vis 
50 respecoively jee ulnus lack of agreement may, be par - 
Pra biveecxDlaineadaby the tact thatitheasmall quantities used, 
nNunbeteOretrans ere Cell changes etc. cive Trase wo several 
Oppomtiui ties PGorserrors. « [his erzom has been estimated to 
Demin etLOuoU 2 when duantities, of 2Zomg are used. The agree- 
Men teot then cien of irotation wand the ud sspectrum insures? the 
absolute comiteuration. 
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Bunthe pel haracterizetion of Cyathin BD and Cyathin a 


1) Initial acetylation experiments 
At @negtime TEewaseanticipated.thatisimple 
acetylationsofathe-alcohol:moieties of-cyathin Bole 
mixture would aid in their separation and further 
characterization. When the acetylation was actually 
€onducted (seejExperimental), four -newispots of jhigher 
Re than starting material were noted on analytical tlc. 
Acetylation was anticipated to give only two spots: 
the acetylated derivatives of cyathin B> and cyathin C. 
Agpreparative«separationeyieldedsfour overlapping 
bands which were removed in the usual manner. 
The least polar compound showed no hydroxyl 
Oreccetale carbonyl absorption Ans the intrared. Mass 
spectrometry showed an apparent parent peak at m/e 298. 
The only logical assumption to make was that the 
acety Mationyprocedure had led to dehydration;) ,this 
Mat tera ew il leebesdiscussed Jnudetailan the next section” 
The two bands of intermediate polarity 
were shown stoeconSist mainly of a materialgconsistent 
in properties with O-acetylcyathin Be (leg Only 
infrared and mass spectrometry were used to character- 
ize this compound. The infrared spectrum showed no 
hydroxyl absorption, but a band at 1745 cm} (aéeGate), 
and the usual aldehyde absorption bands at 2810, 
Zé. 0beand’l710 cm’) were present. The band at 1680 


cm) was attributed to the ketone carbonyl in 13, 
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Since an a,fB-unsaturated ketone would be expected to 
WS OF lower frequency than an a,fS-unsaturated aldehyde 
(ref. 10, pp. 87-88). The mass spectrum of this mater- 
aal showed a parent peak at m/e 358, consistent with 
Chepeadditionvorsthesuns t C,H,0 fo-cyathin 2 

The band of highest polarity showed charac- 
fevmiStics consistent with O-acetylcyathin ong (14). 
Again only infrared and mass spectrometry were used 
Lorcharacterize the eee Phe intraredsspectrum 


showed peaks similar to those of O-acetylcyathin oe 


gdethicmMassecspectrumeshowed a parent peak et m/e 350), 


euusistent with) the addition of the unit C,H.0 to 


cyathin ers 


The reason that the four compounds visual- 
ized by analytical tlc were not all isolated is because 
of the difficult preparative separation due to the 


Similar Re Valueseot several of the spots. it as 
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assumed that the fourth compound would be the anhydro 


: and that this compound, probably 


analogue of scyathin C 
imestia lb eamounts swas ilost' in the 0-acetylcyathin B° 


band during the preparative separation. 
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2) Anhydrocyathin Be and Anhydrocyathin oe 
A subsequent acetylation experiment was 
undertaken to explore the unexpected dehydration of 


cyathin pees 


. A 10° higher temperature was used, 
and the acetylation was allowed to proceed until the 
four initial products as judged by tlc, converged 
iNLOnOmy the two of highest Re Valuew| sccmiexperiment— 
pieror thespracedure).. Work-up and preparative tic 
separation of the two components gave two fractions, 
each chromatographically pure. 

The compound of lowest polarity corres- 
pongedy to the material isolated asthe top*fraction 
in the previous acetylation experiment, and was 
Peivatively assigned strueture 15 for anhydrocyathin 
me. This material gave the molecular formula CoH 560, 
Dyehiphe resolution mass spectrometry. 1ts mass spec- 
trum (figure 15) also shows m/e 283 to be the base 
peak (M- Cae 

The infrared spectrum (figure 16) shows 
aldehydic absorption at 2800, 2700, and 1720 a 
KeLonicecarbonyl absorption at .lo93 emacs and carbon- 
carbon double bond absorption at 1623 and strongly at 
1583 cmt. The band near 1770 cm? is attributed to 
acetate impurity. 

The nuclear magnetic resonance spectrum 


of the dehydrated material was very informative 
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Mass spectrum of anhydrocyathin B> 


BOTTOM: FIGURE 16 
Infrared spectrum (CC1,) of anhydro- 


cyathin B> 
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50x 
and this immediately rules out structure lo hte was 
therefore speculated that double bond migration had 
occurred during the dehydration to give a more conjug- 


ated system, such as 16. 


The two methylene protons (Ha, Ha') alpha to 
Biesketortescar pony ieappeay ato5.09 and 3.69. One is 
agcoublecEscoupnlédwonily, to its geminal partner (J=11 Hz), 
WivihecmutemOun creel smaedOUDLet Ot, Goubbets (J=11.1.5 Hz) 
showing a longer range coupling along with the geminal 
Pou i gee ochedemOodeleOof Structure. 6 was constructed, 
Ue omCCeMMi lt me hen ciaiosOLeiasecOuld Desinga. Ww" 
SGUpl Inge patiewielepLOlLOiabetOr allylic coupling, de- 
pending upon the orientation of the seven-membered 
i ei? Sec NCE SOmMNakesmulc was Si enmentcwoL Havand Ha! 


eceOetamandcal pide tOetiesplane Or the molecule: arbitrary. 


When the signal at 66.81 (proton b) was irradiated and 
PvemsieoULulelLe linn che sional edues co Ha was sseen to 


CQllanse tougusimple wdoublet (J=11 Hz), thus showing 
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Sul hee 


the small allylic coupling between protons a and b. 

The two olefinic protons show absorption at 
Ovo and o.96. # ihe signalsat 66.81 appears as a doub- 
Petro redvubVetse(J-07 1(5)HzZ)mandeis assigned as proton 
Bee nes signal ati oom We appearstas a doublet (J=6 Hz), 
anda corresponds to proton j.~ TheIchemical shift of 
proton j is in good agreement with the gamma proton of 
aa. y, O-UNsacitatedscarpony) system (ref. 10; p.149; 
Como eee ittagtation ot the sipnal at. 66,081 ™reduced the 
SPoldehOGeprocons| (65.99) tO a singlet, yeriryine the 
Slefanaeancouplinehot 67 Hz: 

Hhe vemaandersgofathe spectzum;, aneludang the 
methyl region and the aldehydic proton are in good 
agreement with the structure 16 for anhydrocyathin Re, 

At thisSmpoantetheoinfiraredespectrume(ficure 
16})) should) be;re-evaluated. An absorption band at 
1420 cm? iSfiappakenteeandethiseasaveryfcharacteristic 
of the scissoring vibration of a methylene group alpha 
beaececarbony!); (ress 10g p.7102)gawhichdisrpresentean 
Sstructureni62) |Also,*etheycarbonylpbandsjshould have 
the opposite designations from those given previously. 
The unconjugated ketone would be expected to absorb 
near L720mcn. "3 while the heavily conjugated aldehyde 
would be expected to be at the lower frequency, 1693 cmt, 

Thehuvespectrum insiso-octanessolution 
showed two absorption maxima: 325 nm (€=12,100) and 


P59enm Go=6,000).¢FAdthough not a perfect model, 
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cis-B8-ionylideneacetaldehyde 17 shows a similar spec- 
trum-* (cyclohexane solution): 309 nm (e=11,700) and 


264 nm (€=10,300). 


bz 


Since anhydrocyathin Be has one more substituent on 
the conjugated system than does the model compound 
PotyomasmeCOMpalrGdmlOurOur)., tlie Addition of ~16 Units 


according to Woodward's rules? 


would give 327 nm for 
the maxima of the model compound; close agreement 
VrlimineOusServed J Zounm. 

The other compound isolated from the 
acetylation-dehydration experiment showed slightly 
GreoaveTapolarity oni tlc... (nis Compound crystallized 
atter being allowed to stand in the” fridge for 
Boproximately Oncaweek.o aReCryStal lization. Was 
effected with ether-pentane to give light yellow 
needles, m.p. 105.5 . VOaee Veo tnhoespectial «daca 
suggest that this compound is anhydrocyathin "i (VES 

High resolution mass spectrometry gave 
(etiee oO irOr tie palrene peak atemye 296, whach also 


ZO G24 2 
emiieabase peak (figure 17). 
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The infrared spectrum (figure 18) is very 
Similar to that of anhydrocyathin Bal The extended 
conjugation has lowered the frequency of the olefinic 
C-Hestretchs bands) due to the cyclopentadiene moiety 
sOmitiatecney talivinethe aliphatic €-H stretch yegion 


1 band is still 


although the characteristic 700 cm” 
_ present. 

The nuclear magnetic resonance spectrum 
(Table IV) was a close replica Grecia teOLeannivaro- 
cyathin fo) except for those portions due to the 
cyclopentadiene moiety. Thus the y,z protons show 
as a broadened singlet at 86.33 and the complex re- 
C1CUmiboMles/. 2- i cmiicegralessCostour less protons. 

The uv spectrum showed a more extended 
chromophore than in anhydrocyathin Bae absorbing at 


345 nm (€=10,400) and 264 nm (€ =6,000), accounting 


for the yellow color of the compound. 
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TOPs” JRIGURES 17 


Mass spectrum of anhydrocyathin c° 


BOTTOM: FIGURE 18 
Infrared spectrum (nujol mull) of 


anhydrocyathin Ge 
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3) Methanol Adduct of Cyathin B° 

It was known previously that the cyathin 
compounds were sensitive to alkaline conditions. A 
methanol addition promoted by base catalysis has been 
reported forescyathin Ag in which the a, f-unsaturated 
ketone moiety is attacked in Michael fashion to give 


19 (both epimers)?°, ltigwasdthereforecinteresting sto 


see whether and how the addition would occur to the 
exOss- conjugated Kketoealdehyade system of cyathin B>, 
After some experimenting, a method was 
FOUNC which» led to a Cleanmneaction Of Cyathin se 
in alkaline methanol solution, # Approximately 0.1% 
potassium carbonate in methanol was sufficient to give 
complete conversion to a compound whose Re value on 
tie was slachtlyehagherethanseyathan BaeGes and which 
could not be detected by the uv method. All of these 
reactions were carried out under an atmosphere of 


Dipueecus since in the presence of air a very impure 


product was obtained as revealed by tlc (probably due 
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Die. 
to peroxide formations by the addition of oxygen). 


The cyathin Ge adduct in the reaction mixture was then 
converted to cyathin B> adduct by selective hydrogen- 
ation of the 1,2-double bond. 

ALSOMNOCeWORthy 1S ithe) tast Tate of the meth- 
anol addition reaction. Within ten minutes the reaction 
had gone to completion as judged by tlc, whereas in the 
Case v0! Cyathin AGA seventeen hours were needed, under 
much more basic conditions (2% KOH/methanol). Epimeric 
mixtures were not obtained in the case of cyathin Tones 
asejudgetupy Lic. 

The spectral data to be subsequently described 
Suppoptescructurcs20ston the addition product of methan= 


ol to cyathin Bae 


High resolution mass spectrometry gave the 
expected molecular formula Co4H359, LOVretiempalLent 
peak at m/e 348. The mass spectrum is reproduced in 
figure 19’. 


The infrared spectrum (figure 20) shows a 
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Mass spectrum of methanol adduct of 


cyathin B> 


BOTTOM- See IGURES2Z0 


Infrared spectrum (CC1,) of methanol 


adduct of cyathin B> 
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60. 


sharp band at 3518 cmt | indicative of an intramolec- 
ular hydrogen bonded hydroxyl. As a model, cis-cyclo- 
pentane-1,2-diol shows a sharp band in the infrared at 


2572 *em 


due to an intramolecular hydrogen bonded O-H 
stretching vibration (ref. 16, p. 183). Aldehydic 
absorption at 2715 and 1730 cm’! indicates a saturated 
aldehyde. The normal arene tt and presence of only 
one carbonyl band suggest that the molecule is in the 
nemr-ketal eiorm , 

The uv spectrum also supports the saturated 
aldehyde, with only a shoulder at 282 nm (e€=137) be- 
ing present. 

The nuclear magnetic resonance spectrum 
(Table V) of the material was very informative. The 
methoxyl singlet at 63.36 varifies the addition of 
methanol. Since the hemi-ketal hydroxyl is hydrogen 
bonded as indicated by the ir spectrum, the Michael 
addition must have taken place to the a,f#-unsaturated 
aldehyde at C-13. 

The couplings between protons a, u, and b 
also confirm the stereochemistry depicted in structure 
20. @Proton a (64012) appears “as va doublet (J=4 Hz); 
andwees slow field chemical shift suggests that an oxy- 
gen occurs on the same carbon atom. Proton u (63.00) 
appears as a doublet of doublets (J=8,4 Hz). When the 
signal at 64.12 was irradiated, the signal for proton 


u was observed to collapse to a doublet (J=8 Hz). 
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62. 
Proton b (64.59) appears as an eight line 


Signal (doublet of doublet of doublets) with coupling 
CeOnstantsSs or 65°45 -and?2"5-H2~"=The=coupling +or 8*Hz 
with proton u was verified when the signal for proton 
u (63.00) was irradiated, causing proton b to collapse 
to a doublet of doublets (J=4, 2.5 Hz). These coup- 
lings of 4 and 2.5 Hz in the proton b signal are be- 
Tieved to*be due “to protons g andj absorbing in the 
complex region 62.3-2.0. 

When a model was constructed of structure 20, 
the dihedral angle between C,3°H, and C,2-H, was found 
Co be approximately? 120°. "zAccording*to=the karplus 
rules!’, this dihedral angle should give’ a vicinal coup- 
ling constant of about 4 Hz between the two protons, 
which is aneerren im the= spectrum of the methanol adduct. 
127Hu and C1474, is 


approximately 15°. The coupling constant for these two 


Also, the dihedral angle between C 


PuOrousmisecCalcllaved tOsbDe aDOUL@) 5 lize eaereeing Very 
well with the observed 8 Hz. The coupling constant be- 
tween the aldehydic proton and proton u must be very 
SiaLiewsivice It) 1S nol observable. 

If methanol had added to C-12 as in the case 
of cyathin A the nmr spectrum would be expected to 
have been quite different. The rest of the spectrum is 
consistent with the remainder of structure 20 for the 
methanol adduct. Attempts to crystallize the compound 


were unsuccessful. 
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63. 


Thus it has been shown that the a,f8-unsatur- 
ated aldehyde of cyathin Bo is very reactive toward 
Michael-type additions, and that its reactivity can be 
controlled by using the proper conditions. 

Furthermore, the adduct was subjected to the 
normal acetylation procedure (acetic anhydride: pyridine, 
y¥2;tatrraom temperature ) 2tbutitic iindicated -only istart- 
ing material after a prolonged reaction time. When the 
reaction was carried out in refluxing pyridine and acet- 
ic anhydride, decomposition was observed by tlc and ir 
spectroscopy. Thus it seems that the alcohol group is 
quite inert to acetylation, attributed to the hydrogen- 


bonding with the methoxyl and the hemi-ketal formation. 
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64. 
4) Hydrogenation of Cyathin Bis0° Mixture 


An experiment that was deemed useful was the 
catalytic hydrogenation of the cyathin Brecy mixture to 
one compound - dihydrocyathin Rae From previous exper- 
ience in these laboratories with allocyathin Ba pe ae 
was known that both the 1,2- and the 12,13-double bonds 
hydrogenated, while the tetrasubstituted 3,4-double bond 
remained unreactive. When the actual experiment was 
carried out, tlc indicated that hydrogenation had taken 


place Since arspot of lower R. than the starting mater- 


1 
ial was present, and this compound could not be detected 
by the uv method (loss of the chromophore). Purific- 
gations byspreparative tlc lead to the formation Of two 
spots when a subsequent analytical plate was run. 
Mass spectrometry gave the connate parent peak at m/e 
318 and exact mass measurements of this peak revealed the 
formula C5 oH2902- 

Infrared spectroscopy showed typical hydroxyl 


1 


absorption at 3600 and 3400 cm, along with character- 


istic aldehydic C-H stretch at 2800 and 2700 cm), 


Carbonyl bands attributed to the aldehyde at 1728 cmt 
anode chem ketone at) 1705 cmt were present. This latter 
band at 1705 cm? had only one-half the intensity of 
the 1728 cm! band, indicating that the ketone was in 
equilibrium with its closed, hemi-ketal form. 


The nmr spectrum was very complex, and broad. 


Aldehyde absorption was shown by two signals at 69.75 
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and 9.66. No olefinic absorption was observed. 
The hydrogenated material is thus assigned 
to be a mixture of C-12 epimers of dihydrocyathin B 


Zu 


The hydrogenation is assumed to have given 
the 8 epimer at C-12 since this would be the one pre- 
dgeved by Steric arguments. When the material was 
chromatographed—over silica gel, e€pimerization occured 
Ste 2eto give a mixture. ot « and 6 epimers of dihydro- 
cyathin Bo. AlSOmtNeGeprOcucts ssccemuto Deen scquiiig 
brium with their hemi-ketal forms, as in the case of 
theestatianpematerial, es burthery production of dinydro- 
cyathin Bo and separation, or the e€pimers was not att- 


empted. 


a 
»DOVI9S* 
grleek aun 
~ 
j 
& ff ‘ ris | 
NMILIJeVOODY 
=~ 
o) 
+. 
ut 
.*% ( 
? 7 
La] f f 
> vy 
- ® 
° - 
‘> 
vei 
? 4 7 
On & 


6 2aW nonsqro2ds ainitalos oO —_ 
ei Tsixsdom botEnego sige ont 


“ib to 2wntgs Si-0 3 pane 


q 
q 
~~ iP -. 
\ 
~ ¢ | 7 / 
: : = 
OQ Bt Py 
~~ LS X 
\ 
[ 
\ y ff 
\ 
4 
4 
O} 
Pe Faw 
> 
pire r 
r - - 
{ ; E s 
—. ' 
mu Sift 
273 
- ~ Qe 
roar c its fm ’ 5 
! + +, of 
J A 
f 


66. 

Isolation and Characterization of Palmitic Acid 

On one occasion a material was isolated from 
a column chromatographic separation of crude cyathin 
which was eluted from the column before the cyathin 
a ae® band. This material crystallized after solvent 
removal and was found to be very soluble in hydro- 
carbon solvents, but only slightly soluble in 95% 
ethanol. Recrystallization from 95% ethanol gave 
ColorlessSswaxy- like crystals, m.p. 56-57°. Subsequent 
analytical tic of this material showed it to be quaite 
Prericulteco detect by the normal detection methods, 


but when a Ce(SO /H,SO, spray reagent was used, 


42 
with subsequent heating, a brown spot was produced, 
R_ (A) Vi eglete 

Exact mass measurements of the parent peak 
at m/e 256 in the mass spectrum (figure 21) gave 
C1 6H329> for the molecular formula. 

The infrared spectrum (figure 22) shows 
broad absorption between 2500-3400 cmt, and a car- 
bonyl band at 1720 crane indicative of a carboxylic 
acid. 

At thisspoineene structure con sbemsuppested) for 
this material. Since the molecular formula shows only 
one unsaturation, and this is in the form of a carboxyl 
group, then the compound must be a sixteen carbon fatty 
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The nuclear magnetic resonance spectrum 
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Mass spectrum of isolated palmitic acid 


BOTTOM eG UR Bae 2 
Intrared spectrum (CCl, ) of isolated 


palmitic acid 
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wah 
Showed clearly this material to be the straight-chain 


Sixteen carbon carboxylic acid™= pailmirtic acid.» Only 
one methyl group appears in the spectrum (60.88), as 

a triplet distorted by virtual coupling (see Experiment- 
al for remainder of the nmr spectrum). 

When the melting point of an authentic sample 
of palmitic acid was determined, and compared with the 
Mera ledamatevia lei nes toe Owing sWas) tOUnd:m:p. 55-57, 
mm.p, 55-57 4 

Ad? Of “Lhevspectral sand physical data con= 
tea that the Sree tsOlated@is palmriice acid. 

The compound was further characterized as 
its methyl ester, prepared by adding a solution of 
dma Zone planewiNecUnGl = CUOmLNeceaCiUsileectieresoOlution. 
Magcemcpet tra le aavascCOlsiimeds the=presencesor tie ester 
with the appearance of the parent peak at m/e 270. 
tiethewintrared spectrum, the broad hydroxyiowas lost, 
and the carbonyl band shifted to 1750 cmt, confirm- 
Pigetoateestcrrication iad Occurred. 

At*this point there was speculation that the 
palmitic acid was an artifact and not truly a fungal 
Metvavpolite. = lhe Onlyssource, Of palmitic acid if 1t 
was an artifact would have been the media used to 
PROWeCcCmiUIgus ss ieLotore, onc liter of the media 
was subjected to the normal extraction procedure. A 


small amount of material (24 mg) was obtained, but 
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tlc and mass spectrometry showed palmitic acid was not 
present. The majority of the material was grease and 


plasticizers, as judged by mass spectrometry. 


gon esiw — 
ons vn a 
aud $5 
sit | aaa 
ox * 
cies on 
: - 
al 
: 7 
4 es 


VAN 
Isolation of Cyathin Na 


During the earlier part of this work, crude 


metabolites obtained froma "normal" growth were sub- 
jected to preparative tlc separation. A band at Re 
higher than cyathin eee was noted, and this band 

was removed, eluted, and subjveetece to. thesusial*spec= 
TLOSCOpic examination. 

High resolution mass spectrometry indicated 
Chemolectlarecormmula C5 Hz 90, Porte aDarents peak at 
yew oe (Li eine =7 5) es sAccordingatosthe naming scheme 
Orecyathins Sthis new matertal was desicenated as) cyathin 
Ne 

Phewintyvareacespectrum™ (rigure: 24)) shows broad 


: and a strong carbonyl 


absorption between 2500 - 3400 cm_ 
bande at 1710 Sie iqidicauavesot womcanbpoxylic acid. 
Also, the uv spectrum showed a maxima at 213 nm (e«=7000) 
teeteatiegethe possmbLility that tChe=acid "could be 
a, B-unsaturated. 
ING suc cars MagnetiouresoOnancerspectrum 
Gevcure mo jmpLOVesslLOsDesdUntcaconplexs, but, the broad 
Susie mateo lO. Oe eSupport smtiencarvOxyliac acid proposal. 
Cyathin Me WosmelGune GecWaracuerl Zed lo pe 
aecerbOxylic acid Dy veésterimication With diazomethane 
in ether to produce a new compound of lower polarity 
om tic, Ihe mass spectral data (m/e 316) corresponded 
RAO ee les Cling U PHC ENCeI ii ad Cums DCiser ull (iO bLOad 


Tae gee 
Nyeroxyl, 1750 cm™+) suggests that an ester had been 
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Mass spectrum of cyathin Ne 


CENTER: FIGURE 24 


Infrared spectrum (CC1,) of cyathin AC 


BOTTOM: FIGURE 25 


Nuclear magnetic resonance spectrum 


(CDC1,) OLecya tian ne 
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produced. 


The peak at m/e 300 in the mass spectrum of 
cyathin eae along with the complexity of the nmr spec- 
trum suggested that two compounds were present, one the 
dehydro analogue of the other, possibly analogous to 


Saget chemistry. When the cyathin ine material 


cyathin B 
was subjected to argentated silica gel tlc, indeed two 
Spots were detected. Thus it seems that the cyathin Ne 
material was actually a mixture containing cyathin ae 
and its dehydro analogue, given the tentative name 
cyathin Be 
Cyathin he has been isolated on one other 
occasion, but only in small quantity. Identification 
was established by tlc and mass spectrometry. Due to 


ehessmall equantities ot cyathin ng material available, 


further work in this area has not been attempted. 


Biological Activity of Cyathin B°-c> Mixture 


Recently it has been shown that the mixed 
crystals of cyathin Bas cyathin aie show significant 
antibiotic and especially antifungal activity. The 
results of these tests, carried out by the Smith, 
Klyne and French Laboratories in Philadelphia are 


given in the Appendix. 
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the 
III. GENERAL EXPERIMENTAL 


Solvents 


The commonly used solvents (reagent grade) 
were found to contain silicone grease and phthalate 
plasticizers (by IR spectroscopy). The small scale 
of the experiments made these contaminates intolerable. 
Therefore, ethyl acetate, chloroform, methanol, acetone, 
pentane, Skelly B, methylene chloride, benzene, and 
pyridine were distilled prior to use. p-Dioxane was 
refluxed meth fresh sodium metal and subsequently dis- 
tilled. Reagent diethyl ether and iso-octane were used 


directly as obtained. 


Thin-Layer Chromatography (tlc) 


Ieee vepacdtaonsorethin- layer plates 

thinslayen splatesawere prepared according to 
Piesmechodadescribed in Stahl ¥s handbook (ref, 18, p. 27), 
using DESAGA equipment (West Germany). 

Two adsorbants were used throughout this work: 
pa voaweele Gulla Merch jecoltaining, 1, electronic phospnor 


(ZnSiO Seve ULeCtii oP here Geum Oma smordinany 1a l= 


4°? 
ica gel and silica gel G impregnated with 10% silver nit- 
rate (also containing 1% electronic phosphor), referred 
Pomeisearcentated silica gel. “hor an adsorbant layer of 


Un exe UexelLUUBCMan SiUrries were made ot SO: silica 


gel G and 100 ml HO COLO iaiVvepl dite Sle Gied ome Silica 
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18. 
gel G and 100 ml of 5% aqueous AgNO, (argentated.silica 
plates). After spreading with the DESAGA equipment, the 
plates were allowed to air-dry for approximately lhr. The 
plates were then activated at 110-120° for 1.5 - 2.0 hry 
taken from the oven, and allowed to cool for at least 3 
nm before use Glnethe case, of argentatedanlates, care was 
taken to protect them from light since the resulting 
darkened plates made detection of spots or bands difficult. 

The dimensions of the plates used for prepar- 
ee Iveswork (Uptic). were. elcher 2U.;x71L00,.20 xa20,. or 20 ex 
PORCM (ay analytical WORX Kec Ue Xp ae mene eat T oe 2X a 
cm. The thickness of the adsorbant layers were approx- 
mately O7o,mm. In order to follow the course of a reac- 
tion or a column chromatographic separation, microslides 
oreo Ot 250 ees ob amm coated WLC Ordinary, silica gel 
G were used. These were prepared by spreading 60 at a 
time on templates to give an adsorbant thickness of approx- 
imately 0.2 mn. 

2. Application of sample 

In analytical work, the sample was applied 
Matietiesaid.Or a capliliary tube. in preparative work, 
the sample was applied manually with a micropipet 
(fitted with a rubber bulb) manufactured form disposable 
pipets. The sample was dissolved in an amount of solvent 
such that the viscosity of the solution was low enough 
to permit free flow when medium pressure was applied to 


the bulb, but high enough viscosity so that the solution 
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Tas 
would stay in the pipet when no pressure was applied to 
the bulb. After a little practice, the sample could be 
applied™in a-thin, "strarght “line “across “the “bottom of ‘the 
adsorbant. Approximately 200 mg of a sample was applied 
tora 20x *r00} cm™ pirate. 


3. Elution of the plates and detection of the 
spots or bands 


After the solvent had evaporated from the 
applied spot or band, the plate was placed in a closed 
tank containing the developing solvent system. Forty- 
five to sixty minutes were needed for the elution (10 
min for microslides), after which the plate was removed, 
and the solvent allowed to evaporate. In some cases, a 
double development method was used in which the plate 
NMa@smavLeduatter the stitrst elution, then Subjected again 
to another elution. These instances are indicated with 
the Re values. 

In analytical work the spots were visualized 
by spraying with 30% H,SO, ands subsequent. neacaine |Lo 
“110° and/or by viewing the plate under short wave 
(254 nm) uv light. Compounds with chromophores absorbing 
Goethe 250 nm region were found to be very sensitive to 
Enis elatter method. 

In preparative work, the uv method was used 
extensively. When a compound was encountered which had 
only a weak chromophore, an analytical plate was first 


developed, the spot detected by the H,SO, method, and 
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results extrapolated to the preparative plate. 

In using argentated, plates, both the uv and 
H,SO, methods proved sree eset ae iumthescasesot pal- 
Mita cwacad, both the uv and HSO, methods were found to 
be very poor, but spraying: with ae5% solution of Ce(SO,), 
in 30% aq. H,SO4 produced a dark spot, after heating to 
pO 

4. Recovetwrotamateraial afterspreparative tic 

Bands containing the organic material as 
determined by the visualizing methods were outlined with 
a pointed glass rod. These bands were separately scraped 
off with the:aidbof)asmicroslideseplaced in small glass 
columns, sandselutediwithwetherp@erther proved7to) be the 
Wests stttable sance ate wasebothspolarsenoughsand easily 
removedih+Evaporataon of the solvent on a Buchi rotovapor 
yielded) they scparetedaconponentE 

Soar Recouding Re Valuesfand solventesystems 

Re values are recorded in the form Re Q)n. 
The letter X denotes the solvent system used for devel- 
opments, tlie, Letter in nederish ta ithe, disitancenthe: spot 
moved/ the distance the solvent moved. 
When argentated plates were used, the expression "AgNO," 
isdaddedewithinythé parénthesis: 

Singcéstheaplates(used were'not standardized, 
bheyageiofutheeplatesy .taikesatunation; humidity; etc; 
could cause irreproducibility in Re values (by as much 


as 0.05 units). Whenever possible a known sample was 
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79. 
developed alongside of the sample being investigated to 
reduce the possibility of error. 

The following solvent systems were used in 


this work: 


A: benzene-acetone-acetic acid 282.254 
B: benzene-acetone-acetic acid S0e10et 
C: chloroform (0.75% ethanol) 

BE chloroform-methanol OS EZ 

E: chloroform-methanol S5n5 
F: Skellysolve B-acetone Su 

G: Skellysolve B-acetone 561 

H: Skellysolve B-acetone SEs 

I: Skellysolve B-acetone eal 


Column Chromatography 


l®e=Preparation of the column 

Quartz columns (45 or 50 mm i.d.) were used 
in this work. Silicic acid (Mallinkrodt, 100 mesh) 
containing 1% electronic phosphor was used for the ad- 
sorbant, the ratio to sample weight being approximately 
S071, tor givekatcohummeheightiofezd-25 em? 

The column was fitted with a glass wool plug 
andsaslecmdlayer Ofspurified séatSandewasnapphied<h A 
slurry of the adsorbant in CHCl, was thenecarefully 
poured into the column. The column was kept in a vert- 
ical position and tapped lightly to remove any air 


bubbles. A 1000 ml reservoir was attached and CHC1, 
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80. 
was allowed to run through the column to aid in the 


settling of the adsorbant. The column was allowed to 
Stand overnight before use. 

2. Application of sample 

In general the sample was made up as in the 
case of ptlc samples, except that the solvent was ex- 
clusively CHC1,. Filtration was sometimes necessary 
to remove insoluble particles (ied chromocyathin). 
The reservoir was removed from the column and the sol- 
vent level was allowed to come just to the adsorbant 
level. Then, with the aid of a pipet, the sample was 
carefully dripped onto the surface of the adsorbant and 
allowed to soak in. Once all of the sample had been 
applied, more CHC1, was added, along with another 1 cm 
layer of sea sand. The reservoir was attached, filled, 
and elution begun. 

$70 Band detection*®and inactionncoliecting 

Bands were detected by shining uv light 
(254 nm) upon the column®(room°lights*off).° For this 
Getection system? themusészoinquartz tcolumnsmisenecessary . 

Fractions *were collected*at%l125 ml intervals, 
except where a detected band warranted a disruption of 
aiitsUproeédure?™’ Evaporation of the solvent in each 
fraction, weighing and analytical tlc gave an excellent 


indication of the progress of the separation. 
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Measurement and Recording OL Spectra 


Mass spectra reported in this thesis were 
measured on an A.E.I. model MS-9 mass spectrometer and 
are recorded as a percentage of the base peak. High 
resolution mass spectrometry (hrms) was used to determine 
all molecular formulas, since the small amounts of sam- 
ples available in this work made combustion analysis im- 
practical. Eventual correlation with known compounds 
validates this approach. A direct probe (70-200°) at 
an ionization potential of 70 eV was used. 

Infrared (ir) spectra were recorded on a 
Perkin-Elmer model 421 dual grating spectrophotometer 
or a Unicam SP1000 infrared spectrophotometer. 

Nuclear magnetic resonance (nmr) spectra 
WETe meaSuredsoniasVartangAssociateselR=L00Rspectrometer. 
Jétramethy lsitaney (IMS), wastuseddasareferencerandelock 
Signal, except when samples were run in benzene-d, in 
which TMS was the reference signal and benzene-d, the 
lock signal. The & scale has been used throughout this 
EnNesiseto express Chemical shift values. The coupling 
patterneofesignalsetstdenoted by: s=Ssinglet, d=doublet, 
t=triplet, q=quartet, m=unresolved multiplet, b=broad, 
and u=unresolved signal. 

Ultraviolet (uv) spectra were recorded on a 
Cary Recording Spectrophotometer, model 15. 

CirculateaicirOisi= Ga). dnas=Opticalmrot= 


ations ([e] p) were determined on a Durrum-Jasco Re- 
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cording Spectropolarimeter. The small amounts of 
samples used could bring about an error of as much 
Rowe Vise eel CacOseel ll Giel- Ole COC Lid Cel t—(-6) ee 1CHYTO1C 


apsorptionm(oe)-. and optical rota tione. [2], se 


Sample Preparation for Spectroscopic Measurements 


TOBGRLCCLIVely TemOve traces Of SOLVents, 
the sample was "purged" with the appropriate solvent. 
This was accomplished by dissolving the sample in 
a small volume of the solvent being used for the 
measurement, evaporationg under Peaneea pressure, 
and repeating this procedure several times. High 
vacuum drying used along with the purging method 
Vroved Very clreccive, 

Samples were submitted to the various 
Spectroscopic Services of this department for the 
measurement of mass, nmr, and some ir spectra. 
Mosteir. and all tvs cd, and [a] ) measurements were 


Garried out by the “author. 


Melting Point Apparatus 


Melting point determinations were carried 


out on a Fisher-Johns melting point apparatus. 
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2. 
LV eee CE LALLED EXPERIMENTAL 


Product iongandelsolation.of.CrudesCyathin 

Culturvessortethe fungus Cyathus helenae 
were crown by ,agvstill-=surface'l method in all.of the 
Work presentedsinethisethesis...This,method inyolved 
thesusesot ajynumbersot.2 liter.Fernbach flasks 
(10-44), which were filled with 500 ml of defined 
liquid media (see Introduction for composition). 
After the flasks were autoclaved at 120°, 18 psi for 
Suan Inutces sancea | Owed COecOOl to oom, temperature, 
they were innoculated with a fresh culture of the 
fungus. Ingthesearlier part of this work, innoculation 
was accomplished by adding four 8 mm discs of the 
fungal mycelium taken from growths on Brodie's solid 
media (see Introduction for this composition also). 
In the latter part of this work a simpler method was 
deviseaein wiich agprevious still-surface culture 
growing in a 500 ml Erlenmeyer flask on 300 ml of 
defined media was broken up with the aid of a sterile 
Waring blender, and pipeted into the flask to be 
imnoculated bysameanssot a sterile. pipet. 

After 25-30 days of growth the fungal 
broth was "harvested" by straining the contents of 
the flasks through cheesecloth, or in the latter part 
of this work (since Feb.,'73) by simply pouring off 


the liquid and leaving the mycelium behind in the 
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flasks. This latter method allowed easy regeneration 
of growth by simply adding fresh, sterile media to the 
flasks (this could be repeated 2-3 more times until the 
amount of mycelium became too great). 

The brownish-colored broth was then extracted 
with an equal volume of ethyl acetate (extracted twice 
with half volumes of the solvent). The yellowish extract 
was then dried (MgSO,), filvened fyandrev.aporated ita 
dryness to yield a yellow-brown foam. From 1 liter of 


broth there was obtained 0.2-0.5 g of crude cyathin. 


Isolation of Cyathin Ries Mixture: Column Chromatography 


The column was prepared and the sample app- 
liédwin the smanner mentioned earlier (see;General Exper- 


imental). The procedure for column elution was the 


Same as previously described tes 


Example: 

On {September pls 541.9 ez). 70. Of crude 
cyathin (from March, '70 growth) was chromatographed 
OnmccOmoestliciceaCidscontaining aaselectronzc yphos- 


phor using a 50 mm diameter quartz column with chloro- 


h 


form as eluent«taThe 93 254m kb fractaonefay strongly 


Uvisdactive eband) ferystal lized caftentsolvent removal , 


Sener 
Mice turer. 


There was obtained 326 mg of crude cyathin BaNGs 4 


and was found to correspond to cyathin BazG 


R- (A) OAG0M). jUhe fothenmrcyathin comstutuents iwere 
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obtained by continuing the elution procedure (grading 
into 2%, then 5% methanol in the chi onosor mt 
Crystallization and Characterization of Cyathin Bears 
Mixture 

Cyathin B°-c° maxtureil (326)ime jsrobtained cas 
previously described, was recrystallized from ether- 
pentane. This was accomplished by first dissolving 
the sample in ether (~2 ml) in a5 ml Erlenmeyer thhask, 
fu btermites to -eemovensolid pamricl esie( lint) psd ll dicate.) , 
reducing the volume to ~1 ml, and adding pentane until 
the solution became cloudy. The addition of another 
drop of ether effected solutiom and the flask was 
allowed to stand at room temperature overnight. The 
crystals observed the next day were quite large 
Ca0roee Uno x 2 OemmjE eeAttereanothemmrecrystal lization 
colonless:neediées ((30 meg) were obtained; m.p. 131- 
S35. rms yecaod fom CFA AO 


70°28 35 
6800, 


Bilt6 22.058)) eeound: 


Gil Goad Oise Mv, 2 pirida oxane) 6 75 (shoulder). 


as “350 


Mass nel GA ancdiinmniis pectrailiaremimeproduced: iniGhaptemyii . 


Attempted AgNO,-tle separationyot Wyathin B>-c? Mixture 


Crys tal lnanenoyathan eer Mmaeuu were (910.0: an'g)) 
Wasitapplied ito ‘four G0 xi Z0iccm plates ‘coated with 10% 
AgNO,/silica gel G. Development with solvent system 
F gave two slightly overlapping bands as detected by 


uv, Rp (AgNnOz,F) OSs fand, 035409) Three?itractiions were 
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86. 
removed (material between the two bands made up etiie second 


fraction). Elution with ether of the three Eracrrons, 
evaporation of the solvent, and subsequent analytical 
tlc showed that impurities at both higher and lower Re's 
were present in all three of the fractions. The main 
Gons trtuent sof (both "fraction #1 (Rp OSS) yand taract ron 

#2 was cyathin B> (634mg) andifraction #3 (Re 0.34) 
contained mostly cyathin > (19 mg). Comparison of the 
m/e 316 and 314 peaks in the mass spectra lead to these 
assignments. A subsequent ptlc of the combined fractions 
#1 and #2 (on ordinary silica plates) produced crystals 
of cyathin B> C47mo, *m. peOlS 1213459) Str iteontaminated 


3 


by cyathin C~ (as determined by mass spectrometry, m/e 316 


(68) and 314 (6) ). The nmr spectrum also showed this 


Material to*staitécontain cyathin e*y 


Ketalization of Cyathin Bese” Mixture 


Cyathin Batts 


(77 mg) was dissolved in anhydr- 
ous methanol (2 ml) and a saturated solution of hydrogen 
chloride in methanol (1.5 ml) was added at room tempera- 
cures eAtters4cehreyticeindicated complete reactizontand 
the solvent was removed under reduced pressure. A non- 
€rystealline mixture *orecyathin Bice methyl ketals (75 mg) 
was obtained R,(G) 0.64, R (AgNO, ,G) 0, O2sandiOnss>; 
hrmse*’catcdafor C4 1Hz903: 3305 219S40t ound? GS0L2184; 
Macsecpectirum. 050 (1294, 92015095 6515 (16),.-51318) w299(14), 


295 (109 ,82S3'(16 OT 22516 19He 202151) yed8 905 39ha87( 100), 
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(CCly, ome 


I SOG0 Ew) 2520 %¥2720881695(s), 1625(w); 

nmr (CC1,): OPAL Gsm CHOY RES . SSCs h- CHO) He7 . 03.6sfHs13) 5 
Geo /@Shiets) t00Sisi2d, Hal and Hs2e€Je5s579555)q 5703 
(mtalst)).4e03 227 (s,-OCH,), 5725 (s,-OCH,), 2no2e(m H- MS), 
ol - 7st ee leases (my ee 2108.1 1048 O97 900. 9LF 08865 


0.75 methyl region complex). 


Argentated Silica Gel Ptlc of Cyathin B°-C” Methyl Ketal 


Mixture 

Cyathin Bo eae methyl ketal mixture (75 mg) was 
appiaed to founylO&xt20tcmiplates coatedtwirthelds AgNO ,/ 
Silica gel G. Development. with solvent system G gave two 
bands. These were worked up in the usual manner. Cyathin 
Ba methyl ketal (23 mg) gave the following properties: 
R_-(AgnO,,G) 0.62; [a], SUO5L O(c FRO iso-octane); hrms: 


Ga bedmtOimG. i 70 5502105 Pound s50. 2164" UVi(iso-oetane): 


Oe 36 


S300: Scdl(cPhOk1e iso=octane).a 4e -0.97, Se MON Bete 


“233 346 235 
Mass, ir, andanmrspéctrator data are reproduced invChapter 
PIS @Attemptssto exystallize thistmaterial ‘werefunsuccessful. 
Cyathin o? methyl ketal (16 mg) gave the follow- 
ing propexrtiées« R, (AgNo, ,G) 0255; [a], 289 2a, 08043 %+iso- 
ootane)iehrms sdcalcdpfor C5 1H, 903: 3288205 9 amtound 29523:. 2042; 
uv (iso-octane): £536 7400, €557 4200 sho cdmtes OR043, 
iso-octane) : A€7 5671-23, M€ 5974-31, S€,.--9.23; mass, ir, 


and nmr spectra or data are reproduced in Chapter II. 
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Attempts to crystallize this material also met with failure. 


Reduction -ofsCyathin Bs Methyl Ketal 

Cyathin Be methyl ketal (14 mg) was dissolved in 
Socecthanols (0.5 ml jessand) 0.5 ml of a solution ee sodium 
borohydride in ethanol (1 mg/ml) was added. After 15 min 
tlc indicated complete reduction. The solvent was removed 
under reduced pressure, water added, and the solution ext- 
racted with carbon tetrachloride. Drying of the carbon 
tetrachloride layer, followed by evaporation gave a material 
(10 mg) which was slightly impure as indicated by tlc. 
Purification by ptlc gave an oil (4 mg) identical with 
cyathin ne methyl.ketal: R-(G) OnSla(motyuvyedetectabiie) ; 
[2], alo8- plicns020Gne81sc-cGtane) 2 hemsaacaledufor C,,Hz503: 
532925545, Hounds332+2546;euv (iso-oetane), endsabsorptionjonly; 
Gda(es 0.06,e1s0o-octane);: ee 200 Om0e 9Gmass, £2, mand nmr 


Spectra,0nm data aregreproducedyineChaptensl1; 


Reduction of Cyathin ae Methyl Ketal 

Cyathin Ge methyl ketal (22 mg) was dissolved in 
954ecthanoL+(0%5eml)tand+025 ml: of.avssolutionsof ysodium 
borohydride in ethanol (1 mg/ml) was added. After 15 min 
Blhearvindicatedscomplete greduction; thegsolventtwas re- 
moved under reduced pressure, water added, and the sol- 
ution extracted ewithacarbonktetrachloride.,\ There was 
obtzinedvapmaterial.»~(20"mg) whose properties were. consis- 


tent with those of allocyathin ne methyl ketal: R_(G) 0958; 
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[e] 5 -179°*(c, 0.067, iso-octane); hrms: calcd for 
C4713 90;: SoU 72 Lose (hound: 2950 42094. fav (hiso-soctane) * 
S55 2500; @eal(cwi0.062! vsO70Ctane)); o€503 -3.46; mass 


ir, and nmr spectra or data are reproduced in Chapter II. 


Acetylation of Cyathin Beste Mixture 
Cyathin Reece mixture (20 mg) was acetylated 


for 8 hrs at 40° in methylene chloride (1 ml) containing 
pyridine (0.16 ml) and acetic anhydride (0.08 ml). The 
solution was then evaporated and purged twice with benzene, 
washed with HO, dried}tand thesbenzenctevaporated sy ithe 
crude product (21 mg) was chromatographed by ptlic (solvent 
system H, double elution), yielding 4 overlapping bands. 
The least polar compound (5 mg), Re(H, double eipigionj0.00, 
showed nogacetate. orahydroxylwabsorptyvoneinathenintrared 
ancsaneapparcntumoleculareione@at m/egz9seing the »massespec- 
trum (base peak at m/e 283). This compound is described 
inethesnextysectione 

The two intermediate bands (7 mg), RCH, double 
elution) 0.56-0.60, showed properties consistent with those 
expected for O-acetylcyathin B?: Nasspspectrum:Amsees58 (9.5), 
SiS OR, B5LGGLINREZISKTS iy 283 (28), 925502699 12224622) § 
S89 (299 30409 ( 29) 7105 (5875591045) fe55(47), 45(100), 41(62); 
ir (CC1,): no hydroxyl, 2810, 2710, 1745, 1710, 1680 cmt, 
The compound with the highest polarity (2 mg), 


ReeGH ,@double ébution) OmSSyeappearedito consist oftmain- 


£ 
ly O-acetylcyathin Cee along with some O-acetylcyathin Be 
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Dehydration of Cyathin BAS: Mixture via Acetylation 


Cyathin BaeGe 


(168 mg) was dissolved in meth- 
ywrene chloride” (8 ml) containing acetic anhydride (0.8 m1) 
MBdmovr i cinem(l .ofml)jetnAtter=71/2ihrat 50°, °tlo-indi- 
cated only two components. After work-up in the usual 
manner, the crude product was subjected to ptlc (solvent 
system I, double elution). 

The compound of lowest polarity (81 mg) 
showed properties consistent with anhydrocyathin B: 
RC, double elution) 0.54; [x] 5 1582 (Me s0R0218 iSO 
Gatane pahunseycatedhsoraCenHer0s - M298 C1955 ;efounds 


ZU eee Ole 
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Pogeol0pecmna 125100. 


- a “ € “a 
edifest0s02i,risosoctane)} A 373 13403 4€,5,712.1, 


298 .193730uvt (iso=octane): 


4a -Ae7 5H A¢ +oe0 55706 40043 ¢¢mass)\ iryeand inmr 


“258 238 214 
spectra or data are reproduced in Chapter II. Anhydro- 
cyathin B> was obtained as a light yellow oil and has 
not yielded to crystallization attempts. 

The compound of slightly greater polarity 
(42 mg) crystallized in the absence of solvent after 


being allowed to stand in the fridge for a week. Re- 


crystallization was effected with ether-pentane; light 
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yellow needles, m.p. 105.5-107°. The following proper- 


ties are consistent with anhydrocyathin c?: RC, double 
ePit yvon')+ 40°. 48): [X]p P55 26(ON,0 3084, liso 2octane)ipthrms: 
Caled for C5 Hy 49>: 29651776, ‘found: 29691774: uv (iso-oct- 
ane): © 364 6000, Cxas POs OOMCda(CmsUnUl4.  1SsoO-0ctane) : 


€ 2 € 
ek Soar ON Se Metical 286 270 263 


4€, 4,735.0, 4€51579-93 mass; Ir, and*nmr®spectra‘or'data 


+5 ne =. Se eal Aes =O0200- 


are reproduced *tin*Chapter Jil. 


Methanol Adduct of Cyathin B°-c? Mixture 


Cyathin B°-C° 


(20 mg) was dissolved in methan- 
ol (20 mls) and stirred under N, for 15 min to remove 

the oxygen dissolved in the solvent. Potassium carbonate 
(~2 mg) was added, and the solution stirred under N, £01 

Oeming Bier 2Zedrops4of"l07 HCl iwere -addéd to®neutralize 
the base, 5% palladium on charcoal (40 mg) was added, and 


the solution thydrogéenated ‘under a °H, atmosphere ‘for 17 


Z 


min at room temperature. The catalyst was filtered off, 
solvent evaporated, the residue dissolved in ether, fil- 
tered again; and the ether evaporated.» A’ clear oil was 
obtained (20 mg) which gave the following properties: 
R_(G) 0338 /(not uv detectable); IX] -OZeu(c, #071605 meth- 


ano Lys shrms 2 (calcd *£or. Co 4H379,: S48. 250 Poetound’34672509; 


uv (MeOH): 137 AGshoulder)?scde(c$)0.16; methanol): 
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4€596°9-047, AEvcs 


data are reproduced.in Chapter II. 


#030455 mass, Gir, and nmre’spectra-or 


Attempts to acetylate this compound at room 


- a : 
i P PJ r at 7 
—— -Toqory gniwolfot? 4A 
= , rT 7 ral 
: eiduab pil ad * 
‘amid ; (anet20-02!r 
, - TY 0 ¢ e 
-t5e-o2i)vy ,PV\1.ces :ba 
tfenstoo-o#r ,b10.0 ,3) 
\ 
ja,0+, «7h p, [tore 76 « 
a a 7) 
a7Hb tO BYT59qe thin bas 
; > 
* ed 
-fthi ( Hes th f 
Wveltet ot fim 21 10} 
STSUMGGTEDS MUI | EE) 
ror =. aeban rTLJz i 
iq 
> SoD ae | JUS + best 2 ets 
ott 4: > Sw 7 
o™ - a 
i 
\{f 102 36° H 
,ito bes fit 2 
: tt ,2zente ni sa: 
cid [fio B65 fh wb ep 
Z9Tstsqot” aniwo : 
e : { . 7 
“nJom ,OL.G 5) “0 fee 
;20e48 PLE be fay fF ihe 
(Lonsd3en ,d1.0 >) 5: 
TO Btjosq2, 10 bas . st 
tT 
os 
x mo0% 3s Onvagitos nz 
™ — 
- - 
_ _ 7 
7 7 _ ] ; 
>». ” - all = i 


h10.0 


ayaa 2 208 ‘| 


ty nidzaysorbydes Astw a 


oF 
b> + 
rol . [ 7 


J 1tqsAD 


at cat oF #3 


- iG > 


‘a. ridgsyo ao 


-_ 7 
: i. > 
y = - 4 al i 7 a : _ 


008,01 -il Sy 
ce 


sd md seas 


a 


on stale loned: ital 


= 7 me 


bra cata og fo 


> 


ss es 
oe 
~— a 


ets are.) 


robnu“berrrte 
} - : oe - 
> eit mt bevforebb angen ala 
vee pus ‘= 
ne oft bab . bSbbe eee 
. - 
A OF F602 “1 xb 2 net 
ihe © 14 Be. tf £7 rhs [ing Fe ® 
shay Letsnbpérbyd motae 
» on SsTuI£Isqns) wenug 
| . : a4 = 
asi) ‘ ‘ - 2a {aS 
ss Te > 53 s ié 
14 ae AP ) fi 


destoetob™ 
4 
woe} 
-— 


— sh 


pz. 


temperature in acetic anhydride/pyridine, 1:2, gave back 
starting materialwaftereldday. Acetylation with reflux- 
ing acetic anhydride/pyridine, 1:2, led to decomposition 


apbentz0mhrsrastindicatedabyaticlandsirespectroscopy. 


Hydrogenation of Cyathin BR-C? Mixture 
Cyathin BGR (11 mg) dissolved in methanol 
(20 ml) was stirred under an atmosphere of H, Toray ~min 
ip pEhewpresencefotestepalladiumionmeharcoaky(22img)* 
Fiitiabion andecyvaporetioniofethessolventegave aliclear 
orve(ilingjawhichrshowedwonermayor spottonntic, R_(G) 
0730 ,G@aloneawithrsomesminer impurities. This material 
couldgnotwbe detected} bysthefuvemethodtonntlcitplates. 


Infrared spectrum: 3580 and 3400 cmt 


(broadgahydroxyii¢ 
2690 fande2790-cttete (aldehydé C4H)),17250em?+ (aldehyde 
€20) Bandel 40s cmt (ketone C=O, partially masked). 
Belecanuritsoationsorethis matergadiftegether 
with that of a subsequent hydrogenation, total 61 mg) 
yielded a material (38 mg) which now appeared as two 
speuston tic} R,_(G) O¥3550and Ohdtgdhrmsmecaicd for 
Pre sus” 
emcees 5195), 500(25)5 9285137), 275(10), 261(20), 
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257 22) | 20M Sees 0 LO 0jg 189626) 99075 C60gy 1144624), 
WLS 245-597 (35) m.69(G10h 55¢55).5041078) solar (CC1,): 
3600 and 3400 (hydroxyl), 2800 and 2700 (aldehyde C-H), 
1728: (aldehydeeG=0), (and) 1705 (ketone»€=0, partially 


masked); nmr (CC1,): eOCASeandioe6tu(st aidehyde 
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protons), no olefinic protons, the remainder of the spec- 


trum was complex and broad. 


PsOlationns eryetalsizations ana Characterization of 
Palmitic Acid 


Patmiti1e= acid (n-C, Hz, COOH) was isolated 


PeCnachcmrunvoamwpre CieOnly*onces= On Decer LTS 19725 Sst Ug 


Oreetice Cvatiin | tromeae normal’ growtheduring July; 


1972) was subjected to column chromatography. The pene 


ha 125 ml fractions contained a new component which 


crystallized after solvent removal (cyathin Bene? was 
arsoPonvtaineus tracctions oo, and 10j2~ This*material 
(750 mg) was recrystallized from 95% ethanol to give 
COLlOrlesoewaxy-likemcnystais, mp. 50-5/-, which showed 
LiemtolLlowingeptonert Les: Re (A) GROom(datttcuLtmtOonde— 
tect by bothruv and H,SO, 


Ci 613702: Z56y2402— = found. #250 92402, muv™ (p-dioxane) - 


end absorption only; nmr (CDCl 


Mecnods emncms sca led. Por 


3): 62.34 (t, methylene « 
Cow carbony)) jl ooe (broad ta methylene p to Carbonyl); 
fezo se 74ehydrogens)—)U.oSe(broad  t, methyl), carboxyl 
proton not detected. Mass, and ir spectra are reproduced 
Miteenapter ht 
An authentic sample of palmitic acid gave 
m.p. 55-57°, m.m.p. with the material isolated: 55-57°. 
The isolated material was further characterized 


as its methyl ester (prepared by adding a 5 ml solution 


of diazomethane in ether to a solution of 20 mg substrate 
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in ether): mass spectrum: PUES EA, PAG GS hash 77 7a a OB 


F43(16)), 87 G88 £46100)0t69(28)45 055 (377% 43047) , a410040) ; 
i: (CC1,): no broad OH, 1750 emast 

In ondenttotshow\thatepalmitic acidtwaswa 
fungal metabolite, and not an artifact from the nedaee 1 
liter of defined media was extracted with ethyl acetate 
in the normal manner. A brown oil (24 mg) was obtained, 
which on tlc showed no spot corresponding to palmitic 


acid (detected by spraying with Ce (SO,)4/H,SO and heat- 


4 
ing, with which palmitic acid gives a dark spot). The 
mass spectrum of this "'extract'' showed the phthalate peaks 
(m/e 149, 279) to be predominant and m/e 256 to be very 


small. 


Isolation of Cyathin A? 

Cyathin fe has been isolated only on two 
occasions sibotieclose sto athe ibeginning yort tthis “work. «On 
Heb Sal0wel O22 peaperude extract g¢0:..67 fa)i, sfrom aegrowth 
the previous month, was subjected to ptlc. Five fractions 
weremremoved ,jand sehemfiirs t oGleastyepolar ; Re (A) 0.43:5)) 
proved to be phthalate impurity by ir spectroscopy. The 
second was a new compound (106 mg), which is now called 
cyathin ine ange GaVeuthemrol LOWIno propercies: Re (A) Ooi a3 
hems: calcd for C5 gH s90>: SO Ze 24 Or OU Gio 255, 
ate ec lohexane) €443 CUU02 Sassen Oo owadnuenm: Spectra 


PECereprocuccdsin Ulapter ily [he remaining three bands 


from the ptlc separation contained the other known 
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CYyathiinsa(Ae Ay etc. )y, 


Piteemolcm=poctna scatasore cyathin Ne showed 
it to be a carboxylic acid, possibly an “,B8-unsaturated 
acid, a small amount (15 mg) in ether was treated with a 
solutiom o£ diazomethane in ether ,(5 mls). ,. After. allow- 
ing the solution to stand overnight in the fridge, the 
ether was evaporated to give a material consistent with 
the methy li ester of Cyvathin AC: hrms) calcd stor C,,Hz50,: 
O06 2A 0 2(neaneast). “found: 316.2996 5 is. (CHC1.,): no broad 
abs Aieyl) cm (ester); nmr (CDC1.): same as cyathin het 
excent no Sigpnak at 61..0, anda new sional ,at..3:..64.(s, 
methyl ester). 

Since the mass spectrum of cyathin AG shows 
a prominent peak at m/e 300 and since the nmr spectrum 
was So complex, it seemed that there were two compounds, 
CiGoet tio son hey UWommeascmunit Senresent ein sthe cyathain 
A? material. This was verified when cyathin ne was sub- 
jected Co vahiearsventatedst lcaplate. . lwogspotsswerexob- 
Served) (byesprayine with Onl. 2) 7) -dichlonotluorescsine 
in EtOH and viewing under long wave uv light): Rp (A) 0.70 
anus0motes Lacks orematermzal has precluded any further 


work on cyathin ie 
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APPENDIX July 29, 1974 


MEMO TO: Dr. J. Weisbach cc: Dr Actor 
Dr, Elander 
Dr, Lourie 
Dr, Misher 
R&D Documents 


Dr. Cramer 
FROM: J. Uri/J. Guarini/M, Knight 


SUBJECT:  In-Vitro Antimicrobial Spectrum of SKF 74227 (Cyathin B, - 
Cyathin C, Mixed Crystals). 


Summary 


This mixture of crystals, obtained from Dr, Ayer - University of Alberta, 
was found to have significant in-vitro activity against the Trichophyton 


_- mentagrophytes strain (BC-1258) and also good activity against the gram-positive 


cocci in the assay, Activity against the test gram-negative bacilla and 
Candida albicans is negligible or non-existant, 


Methods and Materials 


The conventional agar dilution method was used throughout the experiment, 
Dilutions (two-fold levels from 1000-0.5 pg/ml) of the compound mixture under 
test (SKF 74227) were mixed into the melted and cooled to 50°C Penassay Seed 
Agar, buffered to pH 7.0 by the addition of 10% McIlvain's citric acid- 
phosphate buffer. After the agar had hardened and dried in the petri dishes, 
appropriately diluted suspensions of the test microorganisms were applied to 
its surface using the Steers' multiple inocula replicating device, After 
overnight incubation at geht for bacteria and Candida albicans, and an additional 
3-day incubation at 30°C for Trichophyton mentagrophytes, the individual median 
inhibitory concentration (MIC) values were read and recorded, 
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The distribution of the 15 test microorganisms was as follows: (a) 
gram-positive cocci (Nos, 1-3); (b) apathogenic mycobacterium (No. 4); 
(c) gram-negative bacilli (Nos, 5-13); (da) the yeast-like Candida albicans 
(No, 14) and (e) the dermatophyte, Trichophyton mentagrophytes (No, 15). 


-In addition to the compound (SKF 74227 or cyathin B, - cyathin C;, mixed 
crystals) under test, three known antibiotics (gentamicin, erythromycin and 
amphotericin B) were included as controls, Their concentrations used in this 
experiment were from 200 to 0.1 ug/ml, also in two-fold dilutions, 


Results and Discussion 


SKF No. 74227 (Cyathin B, - Cyathin C;, mixed crystals) when assayed in 
an in-vitro system showed interesting effect against the filamentous dermato- 
phyte, Trichophyton mentagrophytes BC-1258 with an activity comparable to that 
of amphotericin B, but not against the yeast-like Candida albicans, (Both 
fungus strains are pathogenic to man.) 


The test material also has appreciable but not great MIC values against 

_ both the penicillin-(No, 1) and erythromycin-(No, 2) resistant Staphylococcus 
aureus strains as well as the Streptococcus faecalis heater strain (No, 2s 

Activities against the gram-negative bacilli are insignificant. 


The in-vitro activity of the mixture against the Trichophyton mentagro- 
phytes strain should be considered interesting; therefore, it would be important 
to examine the activity of the mixture and the individual components against 
other dermatophyte strains, particularly against T, rubrum strains, which 
are not sensitive to tolnaftate (Tinactin), If SKF 74227 or either of its 
individual components proves to be active against these recently more and more 
frequently occurring pathogenic dermatophytes and is without tissue irritation, 
it may be a useful topical agent. In addition to this proposed in-vitro anti- 
dermatophyte expanded spectrum assay, its general and local toxicity data can 
supply information about its further and broader usefulness, For proposed 
further study additional supply (at least 1 gram) would be needed initially. 


Notebook Ref,: 7726, p. 163 
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In-Vitro Activities of SKF 74227 and Three Control Antibiotics 
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